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1. 3ABAAHHA 10 IPAKTHUYHUX POBIT.
3MICT 3BITY

MeToro TNpakTHYHUX pPOOIT € 3aKpilUICHHS TEOPETUIHHX 3HAHb
HUISIXOM O03HAWOMIICHHS 3 MOJMJIMBOCTSAMH cucTeMu 3D MopenroBaHHS
PowerShape. O3naiiomieHHs BifOyBa€eThCA SIK Pe3yJIbTaT BUKOHAHHS BIIPaB
Ta HaOYyTTSA B Pe3yJbTaTi IbOTO JESIKUX NPAaKTUYHUX HaBHYOK. [Ipm mpomy
JIii, 10 MarOTh BUKOHYBATHCS BUAUIEHI KYPCHBOM Ta IMO3HAYEHI CHMBOJIOM:

%

3a HaOyTTS 3a3HaYEHNX HABUYOK, Mae OyTu moOymoBana 3D momens
3anporoHoBaHoi netani. KpecieHns aeskux aeraneit HaBeaeHi B JlogaTky.

O3znaifomnienHss 3 cucremoro  PowerShape  BukoHyeTbCs
iHaMBIyanpHO; moOymoBa 3D Momeni Moke BUKOHYBATHCS 1HIMBITyaIbHO
a0o0 B Tpymnax B 3aJIC)KHOCTI BiJl CKJIaIHOCTI JACTai.

3a pe3ysnbTaToM BUKOHAHHS BCIX MPaKTHYHHUX POOIT 0hOpMITIOETHCS
OJIMH 3BIT, 110 MICTHTb:

» pe3ysbTaTH BHUKOHAHHS 3aBJaHb, 110 BUKOHYIOTBCA B XOJi
o3HalioMJIeHHsT 3 cucteMor PowerShape 3rimHo 3micTy
MPaKTUYHUX poOiIT y Burmsiai PrintScreen.

KPECIICHHS JIeTai;

3D mogens 3anpononoBanoi aeraii (PrintScreen);

JleTanpHUi onric OCHi TOBHOCTI TTOOYIOBH MOJIENI 3 3a3HAYCHHIM
BUKOPHCTAHUX KOMaHJI Ta apaMeTpiB.

YV VY



2. NIPAKTUYHA POBOTA Nel. O3HAMOMJIEHHS 3
CUCTEMOIKO ABTOMATHU30BAHOI'O
MOJIJEJIIOBAHHSA PowerShape

2.1 KopoTka XapakTepuCTHKA CHCTEeMH

Cucrtema aBTOMaTH30BaHOTO MozentoBanHs PowerShape € ogaum 3
MPEJICTABHUKIB CIMEHCTBA MPOTPaMHUX TPOMYKTIB HOBOTO TMOKOJIHHSI
dhipmu Autodesk (CIIA), oO'egHanmx mix im'sm PowerSolution. Jlana
nporpaMa € 3pyYHHM I1HCTPYMEHTOM, L0 JO3BOJISIE peani3yBaTH Ha
KOMI'TIOTepi Oynp-siKi au3aifHepChKi imei 1 BHUPIMIMTHA HANCKIATHIMI
KOHCTPYKTOPCBHKi ~ 3aBIaHHSI.  BiAMIHHOIO  OCOONMBICTIO  CHCTEMHU
PowerShape € riOpumHe NOBEpXHEBO-TBEPOTIIEHE MOJEIIOIOBAHHS, IO
JIO3BOJISIE CTBOPUTH MAaTEeMaTH4HY MOJENb pealbHOl aeTani Oyab-skoi
TEOMETPUYHOI  CKJIIATHOCTI. YHiBepcampHiCTh cuctemMu PowerShape
JOCSATHYTa MOXKJIMBICTIO ONEpyBaTH 00'€KTaMu, MPECTABICHUMH B PiI3HUX
mateMaTnuHux Gopmax: besne, B-Spline 1 G2 - kpusi; bezse i NURBS -
noBepxHi. [lunamiuna 3D rpadika cucremu PowerShape no3Bosie obepraTu
MOJIETh 1 OTPUMYBaTH 300pakeHHS 3 Oynb-SKOI TOYKH MPOCTOPY, a
3apapOoByBaHHs Mozl a€ HOTO-peasicTUYHE YSBJICHHS MPO MaHOyTHIH
BUPIO.

IIpakTu4Hy 3HAYMMICTh CHCTEMH PO3IIMPIOIOTH JOAATKOBI MOIYII,
npu3HaveHi Juisi: BUKOHaHHS 30ipok (PS-Assembly), koHcTpyroBaHHS
mrammiB 1 npec-popm  (PS-Moldmaker), npoekryBannst B3yTTst (PS-
Shoemaker), miAroroBK# KOHCTPYKTOPCHKOi goKyMeHTawii (PS-Draft) .

Cucrema PowerShape mpaiioe mig ymnpapimiHHAM —OmNepariifHux
cucreM  cimeiictrea  Windows 1 Mae  3pyuHmid  rpadiuHmii
KOPUCTYBJIBHULIBKUN iHTEepdelc. 3amyck mnporpamu 3IiHCHIOIOTH 3a
JIOIIOMOTOI0 SIpJIMKa Ha poboyoMy cToui abo uepes MeHto «Ilyck».

2.2 BukopucTaHHs naHeeil iIHCTpyMeHTIB

BinboricTs omiiii, 1o MiCTATHCS B MEHIO, 1[0 BUTIAAAI0Th, JOCTYIIHI 3
BIAMOBIAHUX TaHeleld I1HCTPYMEHTIB. 3arajJlbHUH BUIVISL CHCTEMHU
300pakeHo Ha Puc. 2.1

[Manens BUAIB Ta MaHeNb BUOOPY PEXKUMIB BiJOOPaKEHHS CITYKaTh
JUIsi: BUOOPY CTaHAApPTHHX BUAIB (BUAHM Y3[IOBX BIAMOBIAHMX OCEH i
i30MeTpHYHiI BWAW), 3MiHH BuUay (MaciiTaOyBaHHs, MepeMillleHHs 1
o0epTaHHs), aHaM3y 1 3a)apOOBYBaHHS MOJIEII.
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YHH3y eKpaHy pO3TalloBaHE MEHIO BHOOPY JIOKAIBLHOI CHCTEMH
KOOpAWHAT, KHOMKH BHOOpPY poOO0YOi IIIONIMHH, YTMPABIIHHA CITKOIO,
TEKCTOBI TOJSI TIOJIOKEHHS KypCOpy, IOJE€ TOYHOCTI Ta IIOJIE BBOIY
KOOpJIMHAT.

V BepxHilt paBiit YacTHHI 3HAXOAATHCS OIIIii CTBOPEHHSI BiATIOBITHO
(Puc.2.2): nokampHUX CHCTEM KOOpPAWHAT, JiHIM, AyT, KPUBHUX, TEKCTY,
MOBEPXOHB, TBEPAUX TiJI, EIEMEHTIB, COOpOK Ta MaiicTpa. [Ipu Bubopi ogHiei
3 IIUX IKOHOK Ha eKpaHi 3/1iBa 3 SBUTHCS KOHTEKCTHO-3QJICKHE MCHIO  SIKE
BimoOpakae BC1 OMINI  JOCTYIHI [IJIs1 CTBOPEHHS BUOPAHOTO THITY 00’ €KTa.

LWXOCADEee %

Pucynok 2.2 - Onuii cTBopeHHs 00’ €KTIiB

4 Bioxkpuiime modenv *.mac 3a 00nomMo2010 Menio, uo 6UNAOAE
@Daiin — Ilpuknaou.

4 Ha oaniti modeni gunpobyiime po6omy 6Ka3aHux MeHo ma
6I0N0BIOHUX onyill

Mpumitka. Sximo By 3aTpuMaeTe MUIIKY HAJI IKOHKOIO Ha JESKHAN
4ac, 3’ SIBUTHCS IiKa3Ka

YrpaBisTé BHIOM MOXHA B JUHAMIYHOMY PEXHMI MaHIMYJIIOIOYH
MU-IH0. J[MHAMiYHe MaciTabyBaHHs BUAY 3/IHCHIOETHCS 32 JOMOMOTOI0
npaBoi KHONKM MUIII 1 OJHOYACHUM HaTUCKaHHAM Kiapimi «Ctrl» Ha
knaBiatypi. Jlunamiune nepemimienHs Buay: «Shifty + «[IpaBa kHomka
Mmuin». JluHamiyHe o0OepTaHHSA BHIY 3IIHCHIOETBCS 3a JOIMOMOTOIO
CepeIHbOI KHOITKY MHIIII.

[Ipu cTBOpeHHI HOBOI MoOjeNi, MOOYJOBa TOYHHAETHCS IIOJO
riobanbHoi cuctemu koopauHat (World). s KoHCTpyrOBaHHS MPOCTHX
TEOMETPUYHUX 00'€KTIB JOCTATHHO HASBHOCTI OJIHIET rI100abHOI CHCTEMHU
koopauHat. OpHak, B pas3i, KOMIUIEKCHOTO CKJIAJAHONPOQiIbHOTO
MOJICIFOBAHHSI JIOIIBHIIIE BAKOPUCTOBYBATH JIOKAJIbHI CHCTEMH KOOPIUHAT



(Workplanes). Ix MmoxxHa cTBOpIOBaTH B OyIB-SKili TOUII 1010 TI00ATHEHOTO
MPOCTOPY 1 MoBepTaTth Ha pi3HI KyTH. KoopaWHATH LEHTpPY JOKAIbHUX
CHCTEM KOOPIHMHAT, K 1 KOOPAWHATH T€OMETPUYHUX 00'€KTIB, 3a/1a10Th 200
3a J0onoMoror o0'ekTHOi TpuB's3kd, abo uepe3 «llome BBeneHHA
koopauHat) (Puc. 2.1).

[ammvu cmoBamu, nokanbHi cucteMu koopauHat (JICK a6o CK) - e
NpU3HAYeHI Uil KOPHCTyBaya TOYKH BiAJIKYy poOodoro mpocTopy, sKi
MOJKYTh BCTAHOBITIOBATHCS B OY/Ib-SIKil TOUIII IPOCTOPY 1 MaTH HAXUII OCEH,
mo0 cOpocTUTH TOOYMOBYy Mozedi. Bu MoxeTe CTBOpIOBaTH KildbKa
JIOKQJIbHUX CHCTEM KOOpJWHAT, ajie¢ TIIBKKH OJHA 3 HUX MOXe OyTH
AKTHBHOIO. AKTHBHA CUCTEMa € BUXIJIHOIO JUIS BiAJIIKY KOOPAMHAT IO OCSAX
XYZ i mae ugepBoHui komip. OO'€eKTH MOJeNi MOXXHA KOIifoBaTH abo
BUpI3aTH MIOA0 aKTHBHOI CHCTEMHM KOOPAMHAT 1 BCTABJIATH IIOJAO HOBOL
aKTUBHOI CHCTEMH.

Hab6ip ommiti mms JICK po3srtamoBaHwii Ha TOJNOBHIN MaHem
IHCTPYMEHTIB 1 BUKIHKAIOTHCS 1KOHKOIO L_’ .
HACTYIIHI OIIIiT:

Ha maneni icHytoTh
Opunapua JICK

JHexinpka JICK

OpnunapHa opienToBana o Hopma JICK

Opnunapna JICK 3Bepxy BuOpaHoro 00’ ekTy

Onunapna JICK B neHTpi BuUOpaHoro o0’ exTy

Opunapna JICK 313y BuOpaHoro 00’exTy

JICK 1o TppOX TOUKax

CTBOpUTH TOUKY

SEEEG %K
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3axputime nonepeonio moodenv (@aiin — 3axpumu) i cmeopime
Hosy mooens (Paiin — Hosuii).

Cmeopimb  10KATbHY — cucmemy KOOpOuHam 3d  OONOMO20I0
8I0N0BIOHOI TKOHKU HA naHeni IHCMpymeHmis (011 eubopy onyitl
MeHI0 abo 8udineHHsi 00'€KMi8 HA eKpaHi CYHCUMmMb Jiéad KHONKA
Muwi) i 6sedimb KOOpOuHamu ii yeHmpy 6 nojie 66eOeHHs
KoopouHam (nam'amaiime, 014 nodiny sHavensv X; Y; Z cayoscams
npooin):

e

&t _— 100 50 30

Wurkplanel

Beivxuime izomempuunuii uenso s i nOOGIIHUM KIiKOM 11i80T
kHonku muwi no cucmemi koopounam (CK) euxiuume oianocoge
8iKHO 3MiH il napamempig (Puc. 2.3).

Cmeopimb we deKinvbka cucmem KOOPOUHAM 3 O0BIIbHUM YEHMPOM.

Tlepemicmumucs 6 nigy HUMNCHIO yacmuHy ekpany. Tam 3naxooumucs
CNUCOK 6CIX HAABHUX cucmem Koopoumam. Yepe3z danuil cnucox
moxcausuti nepexio 6io oouiei CK oo inwoi. Cnpaea € ixonku 014
subopy axmuenoi niowunu (puc. 2.4). Bubip oci Z osnauac
axmusizayiio naowuni  XY. Bionosiono npu eubopi oci X
akmugizyemuvcs niowury YZ, a npu 6ubopi oci Y - nnowuny XZ.



Jiamorose BikHO
napametpiB CK
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ﬁ
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Pucynok 2.3 - JlokanpHa cuctemMa KOOpPJIMHAT Ta JiaJIOrOBe BIKHO ii mapameTpiB

[Hosopot CK Bokpyr
BIJITOBITHUX Biceil
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OpienTaltis Bicei akTUBHOT
CHUCTEMU KOOPJIMHAT

%_‘ vl v o0 Gereral . %%@% ﬂ 45 a5 |0 F ﬁ’ oo
e Va— ' ~" -

Crncox CK i Bub6ip Citka Ta mar KoopaunaTu
AKTHUBI3AIILA aKTHBHOT CITKH 1151 LEHTPY aKTUBHOL
CK TUTOIIMHH AKTUBHOIT nokanpHoi CK
IS [UIOLMHUA BiZHOCHO
MOTOYHOI riobansnoi CK
CK

PucyHnok 2.4 - AKTuBi3aIlis cucTeM KOOPAWHAT Ta poOOYOi TTOITHMHU
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3. HPAKTUYHA POBOTA Ne2.
KAPKACHE MOJEJIIOBAHHA

3.1 KopoTki TeopernyHi Bitomocti

I'eomeTpryHi 00'€KTH 1 Pi3HI METOAM iX MOOYJOBU 3HAXOISATHCA B
npaBiii YacTUHI TOJIOBHOI MaHeN iHCTpyMeHTIiB (puc. 2.2) i 3rpynoBaHi B
Takui croci0: JOKalbHI CHCTEMH KOOPAWHAT, JiHii, AYTH, KPWBi, TEKCT,
MMOBEPXHI, TBEPI TiNla, el1eMeHTi, cOipku Ta Matictep. CTBOpEHHS CKJIaTHUX
MOBEPXOHB 1 TBEPAUX TiM B OUIBIIOCTI BUMAJKIB MOYUHAETHCS 3 MPOCTOTO
KapKacHOT'O MO/ICJIIOBAHHSI.

Cucrema PowerShape no3Bonsie crBopUTHM BCi BifoMi THIH
KapKacHUX 00'€KTiB: JiHii, TONIiHII, ZyrTH 1 cIaifHOBI KpuBi. 3 MPOCTHX
00'€eKTIB MOXKHa OTPUMYBATH OUIBII CKJIQJHI KOHTYpH WIIIXOM IX
o0'eqaanbs. OO'€KTH, IO CKIAMAIOTHCS 3 OAHOTO abo0 OUIBINE MPOCTUX
KapkacHuX 00'ektiB B TepMmiHojiorii PowerShape  HasuBaroTh
KOMITO3UTHUMH KPUBUMH.

IlobynoBa oO0'extiB B cucremi PowerShape MoxiamBo B 1BOX
pexxuMax: TuHaMigHOMY (200 iHTEpPaKTHBHOMY) 1 JialIOTOBOMY. Y MEPIIOMY
BUIIAAKy TO0Y/I0Ba 3/IHCHIOIOTH 3a JIOMIOMOror Mulin. KoopauHatu TOYOK
BIJICTeXYIOTh B TpadiyHOMYy BIiKHI 32 JOMNOMOTOI IHTEJIEKTYaJIbHOTO
kypcopa (Puc. 3.1). Kypcop mokasye 00'exTHI mpuB's3ky (KiHIIEBI TOYKH,
NPOMIXKHI, JOTHYHI i T.1.), BIICTaHi, KyTH, pajiiyCH, IEPETHHU 00'€KTIB Ta iH.
B mianoroBoMy pexuMi Bci KOOpJMHATH HEOOX1THO BBOJUTH 3 KIIaBiaTypH B
TI0JIe BBEJICHHS KOOD/IMHAT.

"
Y Y
A4:20 L35

I.'I"—_\;\_.x

Pucynok 3.1 - JlunamiqHuii pexkxuM noOy1oBH JiHIT (IHTENeKTya bHUH
Kypcop MOKa3ye MOJSPHHUIA KYT 1 JOBXKHUHY BiIPi3KY)
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3.2 PoGoTa 3 JiHisMu
3 Cmeopims 10KAIbHY cUucmemy KOOPOUHAM 3 O0BLIbHUM YeHMPOM.

4 Bubepimob menio JIinii na 2on06niii naneni incmpymenmie
#¢ Bubepimo onyito Besnepepena ninia (Puc. 3.2)

#|

G
&

-
-

OnuHoYHA JTiHIS

BesnepepsHa niHis

IIpssmMoxyTHUK

Bararorpanamnk
PaMka HaBKOJI0 00paHUX

Jlinist 32 HAHKOPOTIIOO
BiZICTAHHIO

dacka

®dacka 0e3 00Di3KH

L H&@OoO73\

Pucynok 3.2 - Mento «JliHis»

#¢ Ilobyoyiime npsmoxymuux 6 pobouiti niowuni XY posmipom X100 Y75
MM, 8epuiuna axozo 3uaxooumscs 6 mouyi (0 0 0) (puc. 3.3a).
#¢ Tlobyoyiime oounouny ninito AB dosacunoro 100 mm (puc. 3.36).
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4 Jlinio CD ompumaemo winaxom xonitosannsa ninii AB. Jna ybozo
BUKTIUYME 3A2aTIbHY NAHENb peddzy8aHHs, 8UOLLIMb JIHII0, IKY He0OXiOHO
ckonitosamu i 3a0aume ¢ynxyiro «Konitosamu / nepemicmumu
00'ekmy. YiMKHIMb IKOHKY «30epezmu opuzina.

4 Cxoniwotime ninito AB 6 Ounamiunomy pexcumi 3a 00nomoz2010 Muuii
(Puc. 3.4a) abo & Oianocosomy pedxcumi 3a OONOMO20H 3A80AHMSA
senuuunu nepemiyernsi (100 0 0) 6 none 6600y Koopounam.

#¢ 3a ananocieio cmeopimo ninii EF i HG, dosxcuna saxux oopisnioe 125
MM.

100 x 75 B (00100)

¥

a) Bepumna npsamMoxyTHHMKa: (000) 6) A (000)

a) mo0OyJ0Ba MPSIMOKYTHHKA; 0) CTBOPEHHS JiHiT

Pucynok 3.3 - Eranu monentoBaHHs:

H
P MOAHAHHNA

D

F(0 0 125) F

\ E(D750)
A —

Toukn 00" €k THOT NPUBA3IKN
a) JUTH KON OBaHHA Ninii AB &) &)

a) xomiroBaHHs JiHii AB; 0) no6ynosa miniit EF u GH; B) mo6ynosa nomininii BDHF

Pucynok 3.4 - Etanu MozaenroBaHHS:
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THobyoytime nonininito BDHF' 6 Ounamiunomy pescumi 3a 00nomozoi

00 'exmuux npus'azok. [na 3aeepuienns no6yo00o8u nonininii HamucHimo

Esc na xnasiamypi.

#¢ Cmeopimb noxanvuy cucmemy xoopounam 6 mouyi E i akmusizyiime
pobouy niowuny YZ (Ous. Puc. 2.4).

45 Ilobyoyiime npsmoxymuux 6 niowuni YZ (puc. 3.5), eepuiuna aKo2o
nepebysae 6 mouyi (0 -20 20), a npomunexcruti kym 6 mouyi (0 -35 45).

4 Bubepimvb 6ud y3006xc oci -X i cmeopimv Ha NPAMOKYMHUKY (DacKu

5x450 3 obpizannam kymie (puc. 3.6). @acku 6yoytomvca 8

OUHAMIYHOMY PeNCUMI WIIAXOM 6KA3I6KU JIHIL WO CHOIYYAOMbCAL

Hapamempu pacox MONCHA 3MIHUMU 8 OIAI02080MY PEACUMI.

Pucynoxk 3.5 - [ToOynoBa mpsIMOKYTHHKA B TUIOMIHHI YZ

\

]

Pucynok 3.6 - [TobynoBsa dacok
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4 Axmusizyiime 10KaIbHy cucmemy Koopounam 6 mouyi A, pozzopnime
i nasxono oci X na 90° (puc. 3.7a), ecmanosime pobouy niowuny XY i
8U0 ¥300821ic 0Ci Z.

4V nnowuni XY cmeopime 6ocomuxymuux 3i cmoponoio 20 mm, 0

noOY008U AKO20 GUKOPUCIMALIMeE NONINIHII0 3 NOYAMKOBOI0 MOYKOIO
(/m Yo W2

0)
a) PO3BOPOT CUCTEMH KOOPAUHAT; 0) BUJ Y3I0BX OCi Z

Pucynok 3.7 - IligroroBka po6ouoi mronuan XY

Mpumirka. ITlepma Touka mMONLTIHIT BBOAWUTHCS B aOCOIFOTHHX
KOOpJIMHATAX, a pyTa i BCl HACTYIHI - Y BiTHOCHHX 30UmbIIeHHsX (Puc. 3.8).

Y

dYs;

dy,

Y;

X, dx; dx; X

Pucynoxk 3.8 - IlominiHis
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[Moxwiti AINSTHKY MOKHA 33/1aBaTH 32 JIOTIOMOT OO TTOJIIPHAX KOOPAWHAT, SIK
B IHTEpaKTHBHOMY, TaK 1 B miamoroBomy pexmmi (Puc. 3.9). ¥V mpyromy
BUIMAJKY KOOpJIMHATA N-0i TOYKH 33J]a€ThCS Uepe3 iIKOHKY, pO3TAIIOBAHY B
HWKHIM yacTuHi BikHa PowerShape.

Position 3
Normad KeyPont Yector
Cartesisn Poly aorg Between Irkersect
Workspace Workphare v
Curreed Plarw X v
Y, + !
o &)
3 2 e
Costance v :! )
Evation v 1 ~
=)
v
4 { Become Orign ]
~ dooy | [ mcce | [ coxel | [ neb
a) z x 0)

a) IHTepaKTUBHUH PexXuM; 0) TiallOTOBUH PEKUM

Pucynok 3.9 - BukopucranHs MOJISIPHUX KOOPAWHAT MPH MOOYIOBI MOXMIIOT JiHiT

#¢ Ipununims no6y006y 60CbMUKYMHUKA.

Ipumitka. Y pasi, SKIO0 KOOPAMHATH TOYOK BBEAEHI HEBIPHO,
MOXKHa YBIHTH B pEXHM pelaryBaHHS o00'€ekTa 1 3MIHUTH HEOOXimHi
napamerpu (Puc. 3.100). [liaoroBe BIKHO peIaryBaHHS BHKJIMKAIOTh
MOJBIHHAM KIIIKOM MHUIII MO 00'€eKTy a00 BHOOpPOM BiJIMOBIAHOI omiii B
KOHTEKCTHOMY MEHIO (KOHTEKCTHE MEHIO OyJIb-sIKOT0 00'€KTa BUKIMKAIOThH
MIPaBOIO0 KHOMIKOIO MUIITKH).

Jns moBepxHeBoro ab0 TBEPAOTIIFHOIO MOJETIOBaHHS KapKacHi
00'€eKTH TIEPETBOPIOIOTh B KOMITO3WTHI KpuBi (KOHTYpH). [eHeparis
KOMITO3UTHUX KPUBHX 200 KOHTYPIB 3MIHCHIOETHCS 3 MeHIO «KpuBi»:

() Onuis: «CTBOPUTH KOHTYD» .

Jis po3paxyHKy KOHTYpY HEOOX1IHO BKa3aTH MHIIEIO Oy Ib-5IKy HOTO0
yacTuHy. Y pa3i OJHO3HAYHOTO PILIEHHS CHCTEMa aBTOMAaTHYHO I'€HEepye
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KOMIIO3UTHY KpUBY. SIKIIO 00'€KTH, 1O SIKUM DPO3PAaXOBYETHCS KOHTYP
MEPETHHAIOTHLCS, TO HEOOXITHO 32 JOTIOMOTOI0 CTPIJIOK BKa3aTh MOTPiOHUIA
HanpsaMok (puc. 3.11).

e T —

cr
ooy R | (eovese ]

Workspace (Wodgle v legh (@ |
Deinte -

0 63,28427 ) ‘

e sat X 3 @
Coar Selaction Ed X (e ¥ [syueax] z [0 | B
Select Al {
Blark Angle
Elank Excegt N v Acpwerk | 225 Blevation 0
undo
Selocton ormaton 6 (et ] [ coms | [ wo ]

Y —

a) KOHTEKCTHE MEHIO JIiHil; 0) IiaJorose BIKHO peparyBaHHS JIiHii

Pucynok 3.10 - Bxig B pexxuM peaaryBaHH JIiHii.

Create Composite Curve b

(4> ANE O v0 A

KommosurHa

ITouarkoea ToOUKa
KOMITOZMTHOI KPHEOL

Kinesa Touxa
KOMITOZMTHOL KPHEOL

BapianT obx ogy
KOHTYPY
Pucynok 3.11 - I'eHepariist cki1agHOT KOMIIO3UTHOI KPUBOT
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45 Cmeopimb ma 36epedicimo KOMRO3UMMY KpUgy K nokazao na Puc.
3.12

Create Eomposi'te Curve E]
IN LR = 0 2
Kpyrnuit kypcop mnokasye Knomnka juis1 30epexeHHs
3aMKHYTICTh KOMIO3UTHOT KOMITO3UTHOI KpUBOI1
KDHUBOI
Y
2 KomnosuTtHa kprBa
A O ]

Pucynoxk 3.12 - I'eHepariss KOMIO3UTHOT KPUBOL

4 Buodinime ma cxoniiotime 0any KOMno3umHy Kpusy 6 6ygep oominy

=
OaHuMu .
Cmeopimb 6 mouyi B 10KkanvHy cucmemy KoOpoOuHam u po36epHimb

it 6 Qunamiunomy pesicumi, sik nokasano Ha Puc. 3.13a.
v BionocHno Ho80I cucmemu Koopounam eécmasme 3 Oygepy oOMiny

R

&

Y

KOMNO3UMHY Kpuey y 8uensioi eocomuxymuuxa (Puc. 3.136)
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Kommno3sutHa kpusa,
CKOIMiioBaHa B
miomuny XY

X
a)
a) miaroroka noxunoi CK; 6) BcraBka KpuBoi 3 Oydepy ooMiny B Hakmtony CK

Pucynoxk 3.13 - CTBOpeHH: KOmii KOMIIO3UTHOI KPHBOT

3.3 Po6oTa 3 nyramu

Cucrema PowerShape pno3Bonsie cTBOpIOBaTH Konla, JAyrd i
3akpyriieHHs. OCHOBY BCiX METOZiB MOOYyIOB AYT CKJIaJal0Th ABa: Ayra IO
HEHTPY 1 IBOX TOYKAX, OKPEMUM BUIIAJIKOM SIKOi € TOBHA OKPYKHICTB, 1 ayra
10 TPHOM TOYKaM, Pi3HOBHJIOM SIKO1 € 3aKPyTIICHHS.

Jlyist poOOTH 3 yramMu, HATUCHITh KHOMKY MeHIO «Jlyra» L ske
Ma€ HaCTYITHI OIIIIT:
@ [ToBHa gyra (x0J10)
(.) Jyra 1o Tppox To4kax
Q Jyra 1o HeHTpy, paaiycy Ta CeKTopy
_) 3akpyraeHHs
_.J 3akpyrieHHs 0e3 00pi3Ku

[ToGynoBa i pegaryBaHHs JyT MOXKJIMBO SK B iHTEPAKTHBHOMY, TaK i
JianoroBoMy peskumi. [lOCHiIOBHICTh BBEACHHS TOYOK, IO BU3HAYAIOTH
reoMeTpilo Iyrd NpH pi3HUX MeTonax, nokazaHa Ha Puc. 3.14. Koopaunata
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TOYKH 3 TpH MOOYIOBI AYTH «IIO HEHTPY 1 ABOX TOYKax» B A1aJIOTOBOMY
pexumi (Puc. 3.14a) 3amaethes Kytom cektopa ¢. Ilpu Byrmi ¢=360°,
(hopMyeTbcs TIOBHa OKpYXKHICTh. PemaryBaHHS Oyr B 1HTEPaKTHBHOMY
pPEeXHMI BUKOHYIOTH 32 JIOTIOMOTOIO KypCOpIB, a B IaJIOTOBOMY - HIISAXOM
3aJlaHHs MMapaMeTpiB y BiKHI, M0 BUKIUKAETHCS TMOJBIHHUM KIIAlaHHAM
muti (puc. 3.15).

6)

a) 10 LIEHTPY U IBOM TOYKaM; 0) 10 TPHOX TOYKAX

Pucynoxk 3.14 - [Topsmok BBOIY TOYOK IPH PI3HUX METOJax MoOyI0BHU IyT:

Arc @

Name 33

Workspace ‘Workplane ;![ Reverse ] [ Full ]

[T | (2 | spanange [0 |

Centre x [173 v z |0 |

Through w | 158.8578¢) y | -48.1421Z| [0 ‘

Centre mark type Dot v

Accept ] [ Cancel ] [ Help

Pucynok 3.15 - Jlianorose BiKHO pefaryBaHHS JTyTH



22

Jyru BUKOPHUCTOBYIOTH SIK JJIs1 TOOYAOBH OKPEMHX EJIEMEHTIB, TaK 1
JUTSI TJTAJIKOTO CITOJTyYeHHS 1HIINX KapKkacHUX 00'eKTiB (JTiHil abo ayr) (puc.
3.16). 3akpyrieHHS MOXKHA BUKOHATH JiBOMa crocobamu: 1)
BUKOPHUCTOBYIOUH CTICLialibHy (DYHKIIIO 3aKpyTJeHHs; 2) mo0yI0BOIO AyTH
mo TppoM ToukaMm. OgHAaK TpH 3MiHI pajiyca AYTH B APYroMy BHIAAKY
BIJICYTHSI MMapaMeTpHYHa MPUB'SA3Ka M0 O0'€KTIB IO 3aKpYTIIOIOTHCS (pHC.
3.178B).

nyra 1

nyra 2

Pucynox 3.16 - 3akpyriieHHs JBOX IyT paaiycoM R

R20

a) BUXiJHA ayra; 0) 3aKpYTJICHHS; B) AyTa 110 TPhOX TOYKAX

Puc. 3.17 - BiAMiHHICTb B TUIIAX 3aKPYTJIECHHS

#¢ Ilobyoyiime 3a donomozoio Oye i Niniti KOHMYp, PO3MIpU AKO20
npedcmasneni Ha Puc. 3.18.
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Hpumitkm:

1. Eranmm MmoxemoBaHHs npeacTasieHi Ha Puc. 3.19

2. Ilpu cnomyueHHi ABOX Kin myroto (puc. 3.19a) aGo miniero (puc.
3.19x1) BuKOpHCTOBYiiTE 00'€KTHY AOTHYHY NpHUB'sI3Ky Tangent;

3. Hna BupanmeHHS OiNSHOK KOHTYpY (puc. 3.19e, k) motpiGHO
ckopucraTtucs QyHKIieo «lHTepakTHBHE 00Me:KeHHS] KPUBHX», TOCTYI
JI0 SIKO1 MO>KJIMBUH 3 3arajibHOI ITaHeNi pefaryBaHHs;

4. Paxiyc kyTta mpu moOyAoBi 3aKpYTJIEHb BH3HAYAETHCS CHCTEMOIO
aBTOMATHYHO. TOMYy MO0 YHUKHYTH MOBTOPHOTO peJaryBaHHS pajiycy
3aKpYIJICHHA KyTa, TOUHE MOTo 3HaYSHHS MOYKHA 3aaBaTu B I10JI€ BBECICHHS
KOOpJAWHAT  JO  €Taly BUIUIGHHS  JBOX  JIHIA  (Hanpukiam:

).

[

&0

50

ELUN N
\< (/?75 — K]

R,

z

7
Hi5

45

Pucynok 3.18 - KpecieHHs1 KOHTYpY 3 Jyramu
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— — Arc Confirm

@ L TN
(F\ (L. |

1) e)

r)
J

)

e

\ ‘

K)

a) mo0y/10Ba OKPY)KHOCTEI i yT'H 1O TPHOX TOUKAX;
0), B) BapiaHTH CIIOMYYEHHS IyTH MO TPHOX TOYKAX; T') MOOY0Ba MPSIMOKY THHKA;

) CTBOPEHHSI JIiHii, JOTUYHOI 10 TBOX OKPYKHOCTEH; €, K) IHTepaKTHBHE 0OMEKECHHS;
3) Ayra 1o LEHTPY U ABOX TOYKAX; M) M0Oy10Ba IBOX OAMHOYHUX JiHIH 110 JOTHYHIH
TpUB’S3Ii A0 AYTH i MEpeTHHY 3 OCHOBOIO; K) IHTEpPAaKTHBHE OOMEXEHHS; J) MoOyaoBa
3aKpYTJIEHb KyTiB

Pucynok 3.19 - Etanu MozaentoBaHHs
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4. IPAKTUYHA POBOTA Ne 3.
ITOBEPXHEBE MOJAEJIOBAHHAA

4.1. Kopotki TeopeTuuni BizomocTi

[loBepxHero Ha3MBAETHCS CYKYMHICTH BCiX MOCIHiZOBHHUX IOJIOKEHD
TiHiH, 0 6e3mepepBHO NepeMillaloThes B MPOCcTopi. Byab-ska mo-noBepxHs
Ma€ HyJTbOBY TOBIIKHY 1 BEKTOP HOPMAJTi, IO MIOKA3YE i1 30BHIIIHIO CTOPOHY.
IloBepxHi, IO CTBOPIOIOTHCA B cHucTeMi PowerShape wmaTemaTHaHO
npencrarieHi B GopMi be3be 1 CKIAQMalOThCS 3 MEPEXi MO3J0BXKHIX 1
MOTIEpeYHUX KPHUBUX, L0 IEPETHHAIOTHCS B OMOPHHUX Todkax. Koxna
ONOpHA TOYKAa MAa€ TMapy JOTHYHHX BEKTOPIB B IIO3IOBXKHBOMY 1
MOTNIEPEYHOMY HAaIpSIMKY, PEryJIOI0UYH JTOBKUHY 1 HANPsIMOK SIKHX MOXKHA
3MiHIOBaTH (opMy MmoBepxHi. Ha KiHISX JOTHYHHX BEKTOPIB PO3TAIIOBaHI
KOHTPOJIbHI TOYKH, IUIIXOM HEPEMILCHHS SIKMX MOKHA TaKOX 3MIHIOBaTH
(hopmy noBepxHi. [liJisHKa MOBEPXHI MiX JBOMa CYCITHIMU TIO3I0BKHIMH 1
MONEPEYHUMH KPUBUMH Ha3WBaeThCsl KkianteM. [lo3moBkHI KpuBi B
tepminonorii PowerShape nHasmBaroThCsi JIOHTriTygami, a momepeuHi -
aatepaiamu (Puc. 4.1). [lopsaakoBuit HOMEp KOXXKHOI OIMOPHOI TOYKH Ha
MOBEPXHEBI  KPWUBOi  BiJNOBiZa€  MOPSIKOBOMY HOMEpPY  KpHBOI
HPOTHIIEKHOTO HAMIPSMKY.

IToBepxHi OyBarOTh NPUMITUBHUMH (TUIOIIMHA, cdepa, TUIHID,
KOHYC, TOp 1 iH.), JliHiliiYaTuMK (KpUBU3HA TIOBEPXHI B OJIHOMY HANpPSMKY)
(puc. 4.2) 1 noagiiiHoi kpuBHU3HU (pHC. 4.1).

JOTHYHI
__BEKTOPH ONOPHOT
TAOUKH 2

BEKTOp HOpMami <

NO3JA0BAHI

KpHBI (TOHTiTY M) .
nonepeyHi

0) KpuBi (1atepann)

a) 3atapOoBaHU BUIIIAA; 0) KapKACHHUIA BUTIIAL
Pucynok 4.1 - IToBepxHs bes'e
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30BHILIHA CTOPOHA
NoBepXHi

BHyTpina cropona
noBepxHi

a) IIoLIKHA; 0) JIMHIHYacTa HOBEPXHS
Pucynok 4.2 - Jlesiki TUTIBI TOBEPXOHb:

4.2. IlpuMiTUBHI NOBepPXHi

Jnst moOynoBY MOBEpXOHB PO3POOIICHI Pi3HI METOIM T€OMETPHUIHOTO
MOJICTIFOBAHHS, JAOCTYII JI0 SIKUX MOXKJIHMBHI uepe3 BHIajaaiode rpadidne

MeHIO «lloBepxHsa» OI0 Mae oOMNMii CTBOPEHHS MOBEPXOHb-
MIPUMITHBIB, 3J1iBa - HANPaBO: MJIOIINHA, OJOK, NIJIiHAP, KOHYC, chepa i
TOP.

B cucremi PowerShape nmpumiTiBHa MOBEPXHS € MapaMeTPHU30BaHUM
00'eKTOM, TOMY B Oy/b-IKMH MOMEHT MOXKHa 3MIHIOBaTH MapaMeTpH, 10
BU3HAYAIOTh IX TEOMETPIIO i OJI0KEHHS B IPOCTOPI (LIEHTp BIACHOI CHCTEMHU

[ToOynoBa i pemaryBaHHS NPHMITHBHHX IHOBEPXOHB IPOBOMSATH 3a
3aranpHOI0 cxemoro. [licist Bubopy poOoUoi IIIOMWHY 1 TUITY IPUMITHBHOT
MOBEPXHI 3aJIaI0Th IICHTP i1 BJIACHOT CUCTEMHU KOOPJIUHAT B JIaJIOrOBOMY (3a
JIOTIOMOTOFO TI0JISI BBEJICHHS KOOPAMHAT) a00 JUHAMIYHOMY (32 IOTIOMOT OO
[HTeNneKTyanpHOrO Kypcopa) pexumi. [Ipu 1ibomMy Bich Z BIIAaCHOT CHCTEMH
KOOpJIMHAT MPUMITHBHOI MMOBEPXHI 3aBXKIU CIPSIMOBAHA y3/I0BX T'OJOBHOI
oci CK. Ilicns mosiBu 00'eKTa Ha €KpaHi BU3HAYAIOTh HOTO reOMETpUYHI
napaMeTpH i, IKII0 HeoOXiIHO, Aal0Th OUIBII TOYHY Opi€HTaLil0 HOro ocei
B nipocTopi. Lli onepauii MO>kHAa BUKOHATH TaKOX SIK B IWHAMiYHOMY (pHC.
4.3), tak i miamoroBomy (puc. 4.4) pexumi. Haramaemo, mo Bximg B
JIaJIOTOBUH PEXUM peAaryBaHHs Oy/b-sSIKOTO 00'€KTa 3IIIHCHIOETHCS
NOJBITHUM KJIIKOM MHIII 200 uepe3 KOHTeKCTHE MeHIo (onuis «PegaryBaTu
TOBEPXHIO»).



KypCopH ISl TUHAMITHOTO

KypCOpH IJIs
JUHAMIYHOTO
penaryBaHHS
TeOMETPUYHHX
TapaMeTpiB KOHYCY

KOHYCY

Y

"

aktnBHa CK —

BrnacHa CK konycy

Pucynok 4.3 - IIpuMiTHBHUIH KOHYC

“ Konyc rg|
1A | 1
Paamyc DCHDBaH4 20 | I‘COMeTpI/I‘IHi
LIEHTP Paamyr BeplkHe 10 | Hapa.MGTpI/I"
. MPUMITUBHO1
BracHoi CK =0 D i
Anna MOBEPXHi

[ BeIEEpHYTE

Lo

Pabouee npochar|Workaane

BUPIBHIOBaHHS
oceii BiacHoT CK

it

[50 |D |D

MOBOPOTY CHCTEMH KOOPJIUHAT

MIOBOPOT BJIACHOI
CUCTEMH KOOPAHUHAT

BIZIHOCHO Ocei Om fosopot 11— ) .
— J E E ﬂ ﬂ ﬂ HAaBKOJIO BiJIMOBITHUX

V72

aktuBHOT CK .
ocert

MNpHHATE | OTMEHE | MamalLe

PucyHok 4.4 - Jliajorose BikHO pejaryBaHHs MapaMeTpiB IPHUMITHBHOI MOBEPXHI
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[ToBepxHI-PUMITHBH HEOOXIAHI TSI KOHCTPYIOBAaHHS KOMIUIEKCHUX
MoOACNIeH, IO CKIAZaloThCI 3 TIPOCTHUX eleMeHTiB. KpiM Toro, ix
BUKOPHCTOBYIOTh B SIKOCTI BHXIJHHMX JaHHMX JUIsi OTPUMAaHHS TOBEPXOHb
OLIBIIT BUCOKOTO CTYIEHS CKJIAHOCTI. J[J1s IIbOr0 MPUMITHBU KOHBEPTYIOTh
B besbe-moBepxHi 1 3aCTOCOBYIOTH METOAM pelaryBaHHS —CKIQTHUX
MOBepXOHb. /I IepeTBOpEHHS BUKOPHCTOBYIOTH omilito « KoHBepTyBaThm»
B KOHTEKCTHOMY MEHIO 00'ekTa (puc. 4.5).

Konyc 1 {General)

i W BrlpezaTte
KonHposate

i II '|I | ¥1anMTe

II| ll\ BrIfpaTe CReAYHOWHA
! ]f \ OTHEHMTE BRIGOD
‘\ BeIfpaTe BCE
~||I CKpBITE
1 CRpbITE OCTaNbHBIE

OTHEHHTE
BepHyTE
HboptaumA ofi ofbexkTe

2 OHBEPTHPOBATE
PeaakT. [I0BEpxHOCTE. ..

PeaakT.lpaHMuel...

Pucynok 4.5 - KonBepTalliss IpUMITHBHOT KOHYCY B IIOBEPXHIO bes'e
Y p p yey p

45 Ilobyoyiime camocmitino 6ci Munu RPUMIMUGHUX NOEEPXOHb |
anpooyiime iHcmpymenmu ix peoacy8aHHs.

4C Buxopucmosyiouu  noGepXHi-NPUMIMUEU, — CMEOPImb  CRpOUjeHy
moodenv LCD-monimopa, npedcmasneny na puc. 4.6. /lnsa yvoeo:
» Cmeopimv noxanvhy cucmemy koopounam (JICKI).
» 3a 00nomocol0 nOBEPXoHbL-IPUMIMUBIE NOOYOylime HACMYRHI
00 'exmu:
% yuninop R = 100mm, L = 20mm 3 yenmpom 6 mouyi (0 0 0);
% xonyc R ocnosu = 100mm, R eepuunu = 20mm, L = 40mm 3
yeumpom ¢ m. (0 0 20);
©  yuninop R = 20mm, L = 20mm 3 yenmpom 6 mouyi (0 0 60).



JICK 2

_,_——'—'_VN

JICK 1

JICK 3

Pucynok 4.6 - MoJienb, 1110 CKJIaIa€eThCs 3 OBEPXOHB-TIPUMITHBIB

6¢C



30

» Cmeopimb cucmemy xoopounam (JICK2) ¢ mouyi (0 0 80) i
po32oprims ii Haexoao enachoi oci X Ha xkym -10°. [l]Jooo JICK2
nobyoyiume:

% 6ok X =450mm, Y = 50mm, Z = 400mm ¢ mouyi (0 0 0);
Y nrowuny X = 450mm, Y = 50mm ¢ mouyi (0 0 0);
@ nrowuny X = 450mm, Y = 50mm 6 mouyi (0 0 400).

»  Cmeopimo a0xkanvry cucmemy xoopournam ¢ mouyi (0 -25 25) i
axmusizytime pobouy niowuny ZX. [[Jooo JICK3 nooyoyiime mop R
manuti = 2 um, R eenuxuti = 10mm (Puc. 4.7a).

»  3a donomoeoro 3a2anvHoi naneni pedazyganHs UKOHatme:

Y nenponopyiiine macwmabysanus mopa 3 koegiyienmamu X
=15Y=1iZ=1

% xonireanns mopoioa na eiocmani X = 50mm i X = 50mm
w000 yenmpy JICK3 (puc. 4.76).

50

z
Fd
- O Q@
a) 0)
Pucynoxk 4.7 - IlepeTBopeHHS TOpyY: a) BUXiTHUI TOp; 0) KOMIIOBaHHS TOPOiiB

4.3 TloBepxHs 00epTaHHSA

[loBepxHst 0OepTaHHS YTBOPIOETHCA B Pe3yJIbTaTi 00EpTaHHS MIIOCKOL
KpuBOi (puc. 4.8a) HABKOJIO OCI CUMETPIi Ha 3alaHUM KyT (32 3aMOBUCHHSIM
KyT oOepranHs nopiBHIOE 360°). Bick cumetpii (Bick oOepTaHHS)
BU3HAYAETHCS aKTHBHOIO BICCIO MOTOYHOI cucTeMu KoopauHaT. [loBepxHs
o0epTaHHs, SIK 1 MOBEPXHS-NPUMITUB, Ma€ BIACHY CUCTEMY KOOPIHWHAT 1 €
napamMeTpu3pBaHo0. Sk mapaMeTpy MoBepXHi 00epTaHHS BUKOPUCTOBYIOTh!
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KyT oOepTaHHS, KOOPIAWHATH LIEHTPY CHCTEMH KOOPAWHAT 1 HAmpsSMOK il
ocell BIZTHOCHO ocelf aKTHBHOI CHCTEMH KOOpAWHAT. 3MiHEHHS IapaMeTpiB
MOBEpXH1 00epTaHHS MOXKIIMBO Yepe3 BIKHO peJlaryBaHHSI, sIKE BUKJINKAETHCS
noABiiiauM kKoM wmumi (puc. 4.80). s mepeTBOpeHHsI MOBEpXHi
o0epTaHHA B CKIaJHY NOBEpPXHIO (MOBEpXHIO be3’€) BHKOPUCTOBYIOTH
ommiro «KoHBepTyBaTH», pO3TAaIOBaHy B KOHTEKCTHOMY MEHIO 00'€KTa.

a)

6)

X
g O\
~ N il \\-'\
\\\ N
%
N

B) \\"\ / r)

E
K T
B
//

Bpame wwe ‘7

e a

ron %0

I Deeepryme
Kapraoest

Veep ] Peaxnpoeats. .. ]

Pabowe rpoctpa{worglane v
o o g
Qor Nosapor

x vz & & &

Pucynok 4.8 - [ToBepxHsi 00epTaHHA: a) BUXITHAN KOHTYp; 0) IMOBEpXHS 00E€pTaHHS; B) KyT

o6epranns 180°; r) nepeTBopeHHs B moBepxHIo bes’e
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4 Ilo6yoyiime 00GibHY NOGEPXHIO 0OEPMAHHS, OOHUM 3 3A3HAYEHUX
suue cnocoodis.

Ipumitka. Y mporeci yTBOpeHHsS MOBEpPXHI 0OEpPTaHHS BHUXIiTHHUN
KOHTYp 3HHKae. OnHak cucrema PowerShape 103Boiisie BiTHOBUTH HOTO 1
BUKOPUCTOBYBaTH JUIS MOJANBIIOTO pelaryBaHHsS Ta MOACTIOBaHHS. [lms
IFOTO BUKOPUCTOBYIOThCS omilii «Keep (BimHoBuTH)» i «PemaryBaTm» y
BiKkHI 3MiHH mmapameTpiB (Puc. 4.806).
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5. IPAKTUYHA POBOTA Ne4
TBEPJAOTIJIBHE MOJAEJIOBAHHA

5.1 KopoTki TeopeTnuHi BigomocTi

OcHOBHa ifies] TBEpAOTIIEHOTO MOJAETIOBAHHS TIOJISTAaE B TOMY, 100
3a0e3meunT (Di3UYHE NPEJCTABIICHHS TEOMETPUYHUX OO0'€MHUX Tilm 1
ornepyBaTH MOHATTIMU «JlogaBanus / Bunaienns marepiaay». KopextHe
TBEpAE TUIO MICTUTh BHYTPIMIHIA 00°€M, OOMEXEeHHiI 30BHIIIHBOIO
MOBEpXHEIO Tifa. Take MpeacTaBICHHS J03BOJISIE BU3HAYAaTH 00’€M Tifa,
Horo Macy, MOMEHTH iHepIii, HeHTp Baru Ta iH. L{i mapameTpu BaxkIuBi Jyist
KOHCTPYKTOpa, OCKUIBKH € KPUTHYHUMH TIpH OIHII e(eKTHBHOCTI
KOHCTPYKIIi1 BUPOOY.

OTxe, TBEpAUM TiJIOM Ha3MBAETHCSI 00'€MHA KOMIT'IOTEpHA MOJECIb,
30BHIITHI TIOBEPXHI KO HE MAalOTh PO3PUBIB B MICIAX CIIONYYCHHA, a
BHYTPIIIHIN 00CAT 3aIIOBHEHUH «TBEPIUM» MaTepiaioMm.

HenockoHamicTh iCHYIHOYOro MaTeMaTH4HOTO amapary CHUCTeM
TBEPJOTIIEHOTO MOJIEIOBaHHS OOMEXYE MOXKIMBOCTI KOHCTPYKTODIB Y
CTBOpeHHI ckiamHuX ¢opMm. Y Oimemocti icHyrounx CAD-cucreM s
npssMoi  TOOYZIOBM T  BHKOPHUCTOBYIOTBCS — NPHUMITHBHI  00'€KTH:
napaneneninea, cdepa, WIHIP, KoHyc 1 Top. Hepiako, B apcenan
KOHCTPYKTOPiB BXOJUTH HaOIp iHCTPYMEHTIB JIJIsl CTBOPSHHS TiJI METOJIaMHU
BUTATYBaHHS 1 00epTaHHsA KOHTYpiB. i ¢dopMyBaHHS OLIBII CKIAIHUX
MoJieneii 3a3BUvall 3acTOCOBYIOTh ByneBi omepamii 3 TBepaUMH Tiamu:
JToJIaBaHHs TiJl, BiIHIMAHHS TiJ 1 iepeTuH Tin (puc. 5.1, 5.2, 5.3).

[opsim 3 MM, cTana JOCTYIHA 1 3BOPOTHA Oleparis - KOHBEpPTaLlis
TiJla B TIOBEPXHi, SKMMH BOHO OMHCAHO. [ paHUYHE YSBICHHS TBEPIUX TiI
noka3aHo Ha Puc. 5.4. V 3B's3ky 3 BuIllecka3aHuM, cucrema PowerShape
JI03BOJIsIE BAKOHYBATH TiOpHIHE MOBEPXHEBO-TBEPAOTIIHHE MOJICITIOBAHHS
NPOMHCIOBUX BHPOOIB OYyJb-SIKOTO CTYNEHS CKIAJHOCTI, HaJal04H
KOHCTPYKTOPY TMpaBO BUOWPATH ONTHMAaJbHI METOJM TE€OMETPUYHUX
o0y 10B.
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IlecTuxyTHA
pu3Ma

Pucynoxk 5.1 - Bynesa onepauis «[lepetun Tin»: a) BUXiAHI Tina; 0) HOBE TLIO

ITapannenenunes

a) 6)

a) BUXIiIHI Tina; 0) pe3ynbTaT oneparii

Pucynok 5.2 - Bynesa onepauist «BigHiMaHHS Tim»
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Humiaap

a) BUXiJHI Tia; 0) HOBE TUJIO B KAPKAaCHOMY BUTJISIL

Pucynoxk 5.3 - Bynea onepauis «CkiagaHHs TiD

a) 6)

a) Tiy0; 6) MOBEPXHI IO TPAaHWYATH (TUTONIMHH PO3/IBHHYTI)

Pucynok 5.4. I'pannyuHe npeacTaBieHHs TBEPJOro Tina
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5.2 Bmconamm TBepZ[OTiJIbHOFO MOJCJIIOBAHHSA
[HCTpyMEHTH, MOCTYmHI Ui CTBOPEHHSI TBEPIOTUIFHUX MOJENen

3rpyrnoBaHi B Bumangarouomy rpadignomy meHio «Timo» - E , SIKE
3HAXOJUTHCS Ha TOJIOBHIM TMaHelNl IHCTPYMEHTIB 1 IO BKIJIFOYAE TOPSA 3
OaraTpMa iHITUMY onIlisiMu byJeBi onepartii Ta Tijda-MPUMITHBH.

4 Buxopucmosylouu HagedeHutl Huxicue npuxaad, nobyoyiime mMooens
Odemaui 32i0HO 3A80AHHA MeMOOOM MEEPOOMIIbHO20 MOOEN08AHHS

Ipukaax
[ToOymyemo TBepAOTIIBHY MOZEIB 3TiHO KpecienHs Puc. 5.5

» CrtBopiTh KOHTYp B IuiommHi XY BIJHOCHO LEHTPY JOKAJIbHOL
CUCTEeMH KOOPWHAT, sIK TToKa3aHo Ha Puc. 5.6 1 mepeTBOpiTh Horo
B KOMITIO3UTHY KPHUBY.

» BukopucroByroun QyHkifo «CTBOPUTH TiI0 BUTSATYBAHHS) B
MiIMIHIO TBEpAOTIIBHOTO MojemoBanbHuka (Puc. 5.6 6),
noOyayHTe TiJI0 BUTATYBAaHHAM KOHTYpPY Ha 21 MM B HaIpsIMKy oci
Z (Puc. 5.6 6).

> CTBOpITH TBEPIOTUIFHUX KOHYC 3 IIEHTpOM B Touli (89, 64, 21),
paaiycom ocHoBH 42 MM, pagiycoM BepmuHE 30 MM i JOBKHUHOIO
45MM, BUKOPUCTABIIIN TIPU [IEOMY TBEPJIOTIIBHUHN MPUMITHB.

Hpumitka. [lpy BukOHAaHHI AESKWUX Omepariii 3 TilamMu, B T.4.
ByneBux omeparirifi, moTpiOHO BHIUIATH Ha €KpaHi HEAKTHBHE TLIO 1
3aCTOCOBYBaTH 10 HBOTO BIANOBIIHY (YHKIIO, Hampukiany «JdomaTm
BOpaHHS TiJIO 10 AKTHUBHOI'O TiJIa», B IHIIOMY BHIIaJIKy CHCTEMa BHIACTh
MOBiJOMJICHHS IIPO HENpaBWIIbHO oOpaHuii 00'ekT. B cucremi PowerShape
aKTHUBHE TIJIO 3aBXIM BiJ0OpakaeThCs HA €KpaHi YEPBOHHM KOJILOPOM, a
HEaKTUBHI TiNa - cipuM Konbopom (Puc. 5.7).

» OO0'enHaiiTe KOHYC 1 OCHOBY JIeTali B OJHE TiJIO 32 JOIIOMOTOIO
Bynesoi onepariii «/lonaTu BOpaHHS Tijlo 10 aKTUBHOTO TiJIa».
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» CrBopiTh B IomuHI ZX NPAMOKYTHUH KOHTYp, BIAMOBLIHO JO
KpecleHHs, i1 (OpMyBaHHS BHpPI3y B HIDKHIA YacTHHI OCHOBH
JeTali, MicJs YOro NepeTBOPiTh OTPUMAHUH KOHTYDP B KOMIIO3UTHY
KpHBY.

» BukopuctroByroun ¢QyHKIi0 «CTBOPUTH BHPi3» B BUIAJAIOUOMY
MEHIO TBEpPAOTIIHPHOTO MOEIIIOBaIbHIKA MOOYAyHTe HACKPI3HUI
BUPI3 B HANPSIMKY oci Y B HWKHil YacTUHI ocHOBH aetani (Puc. 5.8).

» Jlns moOymoBM  HACKpI3HOTO OTBOPY B IEHTpI  JeTani
BUKOpHCTOBYeMO byneBy omnepariito «BinniMmanus Tim». Sk tiso -
BiJ'€eMHUK NpuiiMeMo HWITiHAP 3 pagiycom 19 mm. /st KopekTHOTO
BUKOHaHHS omepalii 3a0e3neuTe rapaHTOBaHUH BWIIIT HIKHBOI 1
BEPXHBOI OCHOBH IWITIHIPY 32 MeXi akTuBHOTO Tina (Puc. 5.9).

Ipumitka. Jlng9 KOHCTPYIOBaHHS OTBOPIB MOXKHa  TaKOX
BUKOPHCTOBYBATH CIIEI[iabHY (DYHKIIIIO TBEPIOTUTEHOTO MOJIETIOBATEHUKA.
Lleit iHCTpYMEHT 103BOJISIE MOJICIIIOBATH HACKPI3HI W ITyXi OTBOPH MPOCTOT
Ta CTymiH49acToi hopmm.

» AxtuBi3ylite iHcTpyMeHT «CTBOpUTH OTBip» i BBEHITh B IIOJE
BBeJIeHH: KoopauHat 3HadeHHs (20, 20, 0). Lle xoopauHaTH HEHTPY
l-ro crymiHdacToro oTtBopy. Ha ekpaHi 3'IBUTBCS KapKacHe
BiZJOOpa’keHHsI OTBOPY 1 JIiaJIorOBE MEHIO ISt BU3HAYEHHS HOTO
reomerpuyHuX napametpiB (Puc. 5.10a). Busnaurte xoHpirypartiro
crymiHuacroro otBopy Ha Bkiuaaui «Counter Bore». s
NPaBUIIBHOT Opi€HTAllii OTBOPY BIIHOCHO JIeTalli HEOOX1THO 3MIHUTH
BEKTOp HOr0 OCHOBOTO HAMPSMKY, JJIsl 4OTO B (popMi nepeadadeHa
ommist «Plane Details» (puc. 5.100). AKTUBI3yHTEe IO OMINO i
3MiHITh OCHOBHI HalpsSIMOK OTBOPW Ha MPOTWIIEKHE, TOOTO Ha -Z.
ITicas 1pOro HEOOXIAHO MEPEHECTH KOOPAMHATY ILIEHTPY OCHOBHU
otBopy B Touky (20, 20, 21). Harucuite kHONKY «Apply» ans
3aBepILEHHS MOOYI0BH.

» CrBOpiTh 32 aHAJIOTI€I0 TPH iHII cTymiHYacTi orBopH (Puc. 5.11).

TBepIOTUTEHUI MOJEMIOBAILHUK cucTeMu PowerShape ocHareHuit
(OYHKIIAMA 1)1 3a0KPYIVIEHHS pedep TBEPAOTUILHUX OO0'€KTIB 3aJaHUM
pamiycom (Puc. 5.12). Ilpu 1npoMy KOPHUCTYBauyeBI CHCTEMH HAIAa€ThCS
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MOJKJIMBICTh OTPHUMYBATH 3a0KPYTJIEHHS SIK MOCTIMHOTO, TaK 1 3MiHHOTO
paniycy (omis «Advancedy).

» Jlns 3aBepiieHHS MOJETI BHKOHAWTE 3a0KPYTJIEHHS KPOMOK
BIZMTOBITHO 110 KpeciieHHs netam (Puc. 5.5, 5.12).

Panimre, Mu BXe TOBOpWJIM TMPO TapaMmMeTpu3allifo 00'€KTiB Ta
nepeBarn ii  BUKOpHUCTaHHA. [IpW  TBEpAOTUIBHHX  MOJEIIOBaHHI
napametpusanis Mae ocobOnmBY aktyanpHicTh. Cucrema PowerShape
ABTOMAaTHYHO 3aIlaM'sITOBY€E MapaMEeTPUUHI 3aJIe)KHOCTI, 110 BU3HAYAIOTh SIK
TeOMETPiI0 OKpEMHX EJIEMEHTIB, Tak i pi3HUX omepauiid. [Hdopmaist mpo
TBEPJIC TIJIO MICTHTBCS y BiINOBIIHIN 001acTi B JTiBiH yacTHHI ekpaHa (Puc.
5.13). AKTHBI3yBaBIIM TIOABIHHUM HATHUCKAaHHSAM MHII HEOOXiTHUHA
eJIeMeHT a0 omeparlifo B JepeBi TBEPAOTLIFHOI MOJIEINi, MOXHA OTPUMATH
JOCTYII 10 peJlaryBaHHs BiAMOBiTHUX mapaMeTpiB. [Ipu nsomy PowerShape
30epirae B3a€MO3B’SI3KM MK 00'€eKTaMH 1 aBTOMAaTHYHO TepeOyaoBye
MOJEb.

4 3asepuusuiu no6y008y Mooeni 32i0HO 3a60aHHSA, GUKOHALIME
CAMOCMIUHO 3MIHU OMPUMAHOI MBEPOOMINLHOI MOOENi ULIAXOM
008IIbHO20 3MIHEHHS 2eOMEempUYHUX napamempie il OKpemux
eleMeHmie.
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Pucynoxk 5.5 - Kpecnenns aerani
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Pucynoxk 5.6 - [ToOynoBa OCHOBM AeTali: a) KOHTYp; 0) TiNO BUTATYBaHHS

Name
Length
Draft Angle
[Cskew
Active

[reverse
Wireframe

Keep wireframe I Edit wireframe... I

e T —

EEE 00

[ accept | [ concel | [ e |

ov



PucyHok 5.7 - AKTHBHE i HEaKTHBHE TiJI0

YTBoprowounii

KOHTYD

PucyHok 5.8 - dopmyBaHHS BUPi3y
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Pucynok 5.9 - ®opmyBaHHS HEHTPAIFHOTO OTBOPY LIUIIXOM BiIHIMAHHS IIWTIHAPY



“'Hole Feature

“ Plane Details

134

| TappedDriled | Tapped Counter Bore | Counter Bore Tapped | ) )
Drilled Counter Bora Counter Sunk [ pisplay Flane [l align Hole
‘Workspace |Workplane v |
|20 | |20 | |21 =
Aixis Twist
agfulis
’ 3udles
— —
R Accept Help
o 1
| Buita
[ Through [cone HanpaBJICHHA B1C1 V4
[#] Lock Depth
[ Lock Diameter
[ Plane Details I
[ Machining Tolerances I {
[ Accept l [ Cancel ] [ Help l A
"
a) 0)

a) KOHTYp OTBOPY Ta OCHOBHE J1aJIOTOBE BIiKHO; 0) 3MiHa HampsiMy OTBOPY
Pucynok 5.10 - 3agaHHs reOMETpHIHNX ITApaMETPIB CTYHMIHIACTOTO OTBOPY:
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PucyHok 5.11 - Pe3ysnpTraT 1oOyA0BH CTYHIHYACTHX OTBOPIB

Radius [ wariable

Follow Continuous Edges

|:| Use Continuous Surfaces

[ Apply ] [ Advanced ] [ Dismiss } i Help I

Pucynok 5.12 - 3aokpyrieHHs pedep TBepAOro Tijaa
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B 7
§:

Pucynok 5.13 - JlepeBo eleMeHTIB 1 omepalliii TBep0TeIbHOT MOIEIi
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